Local adaptation is commonly observed in nature: organisms perform well in their natal environment, but poorly outside it. Correlations between traits and latitude, or latitudinal clines, are among the most common pieces of evidence for local adaptation, but identifying the traits under selection and the selective agents is challenging. Here, we investigated a latitudinal cline in growth and photosynthesis across 16 populations of the perennial herb Erythranthe cardinalis (Phrymaceae). Using machine learning methods, we identify interannual variation in precipitation as a likely selective agent: Southern populations from more variable environments had higher photosynthetic rates and grew faster. We hypothesize that selection may favor a more annualized life history -grow now rather than save for next year -in environments where severe droughts occur more often. Thus our study provides insight into how species may adapt if Mediterranean climates become more variable due to climate change. 2 2000; Leimu and Fischer, 2008; Hereford, 2009). However, the prevalance of local adapta-3 tion remains di cult to assess because researchers rarely test for local adaptation unless 4 there are obvious phenotypic or environmental di↵erences (but see Hereford and Winn 5 2008). When local adaptation occurs, it frequently leads to clines in both phenotypes and 6 2 allele frequencies when selection varies over environmental gradients (Huxley, 1938; Endler, 7 1977; Barton, 1999). Phenotypic di↵erences between populations along a cline often have 8 a genetic basis and can be studied in a common garden (Turesson, 1922; Clausen et al., 9 1940; Hiesey et al., 1942). Despite a long history of studying local adaptation and clines, 10 it remains challenging to identify exactly which traits are under selection and which di↵er 11 for nonadaptive reasons. In particular, the role that physiological di↵erences play in local 12 adaptation is poorly understood, despite the fact that physiology is frequently assumed to 13 explain adaptation to the abiotic environment. A related problem is identifying which of 14 the myriad and often covarying aspects of the environment causes spatially varying selective 15 pressures.
Introduction
Local adaptation has been documented within numerous species; populations generally 1 have higher fitness in their native environment, but perform poorly outside it (Schluter, Trait measurements 144 We measured five traits in response to temperature and watering treatments ( Table 2) . 145 Days to germination We tested for population variation in germination rate, measured 146 as Days to Germination, using a lognormal survival model fit using the survreg function 147 in the R package survival version 2.38 (Therneau, 2015) . We treated Population as a fixed 148 e↵ect and Family as random e↵ect using a frailty function. Statistical significance of the 149 year average and CV) ⇥ 2 spatial scales (local and neighborhood).
281
Results
282
A coordinated latitudinal cline in germination, growth, and photosynthe-283 sis 284
There are strong genetically-based trait di↵erences in time to germination, growth, and 285 photosynthetic rate among populations of E. cardinalis, as evidenced by large and signif-286 icant population e↵ects for these traits (Table 3) origin; southern populations grew faster than northern populations (Fig 3) . There were 290 similar latitudinal clines for individual traits underlying PC1 (Figures S1 to S4). Genotype ⇥ environment (G⇥E) interactions are also a common signature of local adap-293 tation. In contrast to the intrinsic di↵erences described above, we found little evidence of 294 G⇥E in E. cardinalis. There were only two statistically significant Population ⇥ Treat-295 ment interactions (Table 3, Fig. S5 ), but these were not strong compared to Population 296 and Temperature e↵ects. Otherwise, populations responded similarly to treatments: faster 297 growth in the hot treatment, slower growth in the dry treatment, and high mortality in 298 the hot, dry treatment (Table 3) Table S7 ). All 16 Climate-Latitude and 3 Climate-TraitPC1 variables were neighborhood rather than local variables (Fig. 4) . In fact, neighborhood climate almost always Figure 6 : Variation in precipitation is correlated with TraitPC1 and latitude. A. Greater values of TraitPC1 are associated with greater interannual variation in precipitation of the wettest quarter. This was the most important Climate-Latitude variable, but not among the most important Climate-TraitPC1 variables. B. However, a closely related parameter, interannaul variation in precipitation seasonality, was among the most important Climate-TraitPC1 variables. C. Across focal populations, variation in precipitation of the wettest quarter and seasonality are closely correlated. D. Southern populations of E. cardinalis experience much greater interannual variationi in precipitation. In all panels, we report climatic neighborhood values (see Material and Methods). Regression lines, 95% confidence intervals, and coe cients of determination (R 2 ) were calculated using linear regression. 36 Table S1 : Initial size of seedlings did not vary among Populations, Families, or Treatments. We used a censored Gaussian model of initial size at the outset of the experiment (longest leaf length of the first true leaves). The model was censored because we could not accurately measure leaves less than 0.25 mm with digital callipers (217 of 702, 30.9%, were too small). We fit models using a Bayesian MCMC method implemented using the MCMCglmm function with default priors in the R package MCMCglmm version 2.17 (Hadfield, 2010) . We estimated the posterior distribution from 1000 samples of an MCMC chain run for 10 5 steps after a 10 4 step burn-in. We used step-wise backward elimination procedure to find the best-supported model according to Deviance Information Criterion (DIC). Figure S6 : Trait variation, from fast to slow growth, is closely associated with neighborhood variation in temperature of the coldest quarter (bio11 ) Each point is a population coe cient of variation in bio11 averaged over a 62-km climatic neighborhood (x-axis) and position along the slow to fast growth axis (y-axis), defined as Principal Component 1 of four traits (see Material and Methods). The line and 95% confidence intervals were estimated using linear regression.
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